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ABSTRACT

The seldity constants of thiophenol and eight m- and p-
substituted thiophenols werec measur>d in 48% alcohol. Using these
data together with seven additional pK values from the literature
rho anéd pX, in the Hammett eguation were calculated to bs +2.£78
and 7.682. From these fisures sigma constants for p~-CHaSOg, p-ROp
and p-CHg0 of +0.82. +1.00 and -G.112, respectively, were obtained.
The fect that %he.sigma valua for p—CﬁgSOg determined from the
ecidity of thiophenols is significantly larger than that from
benzoic acids but smaller than that from phenols or anilines is
raticnalized by assuming varying degrees of resonance interactions
{invciving sxpansion of the wvalence shsll of sulfur to %en elee-
“rous)e 1he data also indicete that other groups capable of
atreng resonance interactions (p-NG;, p-CCHa, etc.) may exhlbit
o7& then one aigma v=Tue depending on the reactions involved.
gualyeis of previous date or p=CHgf in thls light oflers no aup-
port for expansica of the vilence shell in this grouping; a
ginilar comcluzion iz ieached regarding the Sd group.
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It is gemszzlily accepted that most strong electron-atiracting
gubstituents (FUp, CH, CHgCO, etco) can s=ater inte rescuznce inter-
actions with amineo, hydroxyl, amd zimllss groups situatéd in a paras
position. These interactions in some instances may be rellecied
in enhanced vzlues for dipole momenvs or shiffs in atsorption

spectra maxima.® Perhaps the most reliaic indication ls obteined,

£ G. W. Wheland, "The Theory of Rssonancs,"” John Wiley and Sons,
Inc.,, Rew York, N.Y., 1944., Chapters V and VI.

hozever from the enhanced values for acidity constants obtained
when these interiocking groups are situated in para (bu% not meta)

positions. In terms of Hammett sigma constants, considerably

371. P. Hammett, "Physical Organic Chemistry," MeGrew-Hill Book
Company.? Inc., New York, N.Y., 1940, Chapter VIIT.

larger valuves are needsd to express the electronic effects of these
parg (but not meta) eleciron-attracting groups ir the reactions of
anilines and puenols than in the reactions of benzeic acids. Thus,
this difference in these two sct2 of sigma wvalues amounte to 0.49

for p-NOg,> 0.44 for p-CHgZ0,* z1d 0.34 for p-CN.® These 4ifrer-

G T G W TR D e T R B o -7 O en @S on

“ P. G. Bordwell and C. D. Cooper, THIS JOURNAL, 74, 1058 (1952).
8 J. D. Boborts and E. . McElhill, jhid . 78, $28 (1950).

anges are significant since the "“*:":_ Predbabvle errer for the whole

tablec of 28 sigma constants given by Ham:-tt? 1s only & 0.07, and
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this table includes a number of groups (p-CHsO, p-NHg, etc.) for
which several values of sigma should probably be assigned {see
below). .

Recantly it has been found that not only do the sigma constants
for the p-CHgtly zroup for reactions of phenols and anilines differ
from that for rsactions of benzoic acid, but that they are signi-
ficantly different from each other.* These resuits suggest reson-
zace interactions in the ground state between the p-CHgSOg group
and a <0H or ~NHz, which involve an expanded valence shell for sul-

fur.® The fact that the sigma values of the CH3SOg group for the

(1) i (Ia)
;-;EEEE;;;;i;;-;how'a representation involving the amino group and
methylsulfonyl group wherein the sulfur shell is expanded to ten
electrons, It is, of course, alsc possible to write structures
in which one or both sulfur-cxygen bonds are double bonds, whereby
the valence shell of sulfur is expanded tc ten or twelve in both
T and Ia. The provalling opinion appears to be tha% doubly cova-
stant sulfur-cxygen bonds contribute more to the hybrid structure
of sulfones than do semi-polar sulfur-oxygen bonds (see D.
Barnard, J. M. Fabian, and H. P. Koch, J. Chem. Soc.. 2442

(1949) for a discussion).. Our work has no bearing on tnis point
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except that it provides siror; eviience that the sulfur atom ig
capable of oxpanding ite shell in the sulf structure.

R A ED S e LT OR AR G GhED on 8% D e

reactions of phenols and anilinss differ from one ancther is not

ol

difficult to reconcile, since there 1s ro a priorl reason to expect
the resonance contributioiis in the two instances to be the same.
In order to obtain further evidence concerning the conjugative a-
bility of the CHgSOg group and other groups capable of strong
resonance, the relative acidities of & wumber of m~ and p-substi-
tuted thiophenols have been determinad. A further objective was to
measure the ablility of th =SH group to enter into resonance inter-
actions as comparsed to the ~-OH and -NHg groups. |

The acidity constants of twentiy o-, m- and p-substituted ¢hio-
phenols in 4&.9% alcohol (by volume) and in ©5% alcohol have
previcusly been determined by Schiwarzenbach and Eg117 using a hy-

drogen electrode. No data on thiophenmecls containing strongly electron-

0 P A G P D U G5 g T e S S A S W

7 (a) ?. gﬁgwarzenbach and H. k. Bgli, Bely. Chim. Acta., 17, 1176
(v) E.vEg*:, Doctoral Dissertation, University of Zurich, 193S.

- e G5 u) O 6B G5 S & w3 0 O 8T a5 BE 05 060

attracting groups were obtalned, however. In the present investiga-
tion the eacidity of thiophenol and of a-Br; m~CHs, p-Br and p-CHg
thiophenols in 48% alcohol were measured in order to compare with
ths previcus results,’ and the methed was than extendad to z~CHgSOe,
p~CHy80g, m=-KOg and p-ROp thiophernols.

The thiopbenols were preapared by methods similar to these reported
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in the literature. Preparation of m-methylsuifonylthiephenol by
reducticn of m-methylsulfonylbenzenesulfonyl chloride with iithium
almmipu= hydride was, in our hands, more convenient and superior
to reduction with tin and hydrochlorie acid. Purification of p-nitro_
and p-methylsulfonylthiophenols was effected by way of the disulfides.

The determinations of the apparent ionization constants in 48%
alecohel {prepared by dilution of crdinery 96% alcohol to twice its
volume) were carried out by measuripg the pH of solutions which had
been approximately 20%, 40%, and 60% neutralized. The pKa values
were compubed using the Henderson equation®, pRe=pH+ log(ArSH)/(Ars™),

8 5. Glasstone,'"The'Electrochemistry of Eolutions,” Mothuen and
Company, Ltd., London; 1830, p. 207.

the spread in pKrs values wes usually no greater than 0.02-0.03 pK
unit for the three determinstions.

The thiophenols were observed to undergo rapid oxidation in the
presence of alr, particularly in 2lkaline solution, so rrecautions
were taken tc minimize ccntact of the solutions with air. To currect
for the presence of disulfides or other impurities in the thiophenols,
the stoichiometric quaniity of thiopbenols present at the time of the
P measurement was determined by titration cf an aliquot of the
g viution with lodine.

The resulis obtained in the present investlgation for thiophenol
ad the eight m~ and p-substituted thilophenols are sumrsrized in
Table I togaether with values for seven additlonal thlophencls cal-

culated from the data of Schwarzenbach ané Egli.’ For p-CHs, m-CPg
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&nd p-Br thiophenols and for thiophenol itself, the agreement in
the relative values bestween our results in 48% aleohol at °5° and
those of Schwarzenbach and Egli, which were obtained in 48.8%
alecohol at 20°, is excellent. Our resulis, which are those listed
in the table, were almost uniformly about 0,05 pK unit higher.
For m-bro.othiophenol our value of 6.77 is significantly different
from their value of 6.91.
TARIE I.
Apparent Acidity Constants for
Thiophenols in 48% Alcohol at 25°

Substituent pka gubstituent bEa
p-HO 3.a0" - p-I 6.94"
p~CHy 8.03%'P m-1 6.82°
p~CHsO 7.99° m-Br 6.77"
m-CHg 7.96"" m-C1 6.72"

i 20760 m-NOg 5.90
meCHy G ?.45° nLHg50p 5.88%
p-Br 6.95%" p~CHgS0g 5.57
pl 5.96° p-NOg 5.11%

‘Prouant investigation
bSchmarzemback and Egli’

A plot of pK, - pK vergus the sigma values® for the substi-
tuonts listed in Table I, gxgcinding p-HEO, p=-CHgO, p~CHsSO;, and

p~N0y gave an excellsnt straight line (Figure 1). The pKa value



of 6.91 for m=bromothiophenol wonld have given a point farther
from the line than did our value of 6.77 which was used. The slope
of the line, ” in the Hammett equation (pK =G /O+ pK,) was deter=
mined by the method of least squares to be +2.578; pK, = 7.699.
The average deviation from the line of the pK values was +0.055.
The probahle error was +0.045, which compares favorably with that
in other reactions.® The position of the p-NOp and p-CHsSO; groups
on the line (Figure 1.), as obtained from the pKa data, is indi-
cated.
Discugsion

Silegmas Values for p-CHaSO», apnd p=NQ» Groups: Values of sigma
for p~-CHgSOz and p=NOg calculated using /0= +2.58 and pK; = 7.70
and the pkK falues listed in Table I are +0.82 and +1.C0 respective-
ly. Table II summarizes the sigma values that have been determined
1n This Laboratory from the acidity constants of benzoic acids®,

thiophenols, phenols® and anilinium ioms.*

TABIE II.
Sigma Values for m- and

p-lMethylsuifonyl Groups from Acldaity Zonstants

Compound Sigma compound Sigma
m~CHg S 03C ¢ HyC OCH +0.65% p~CHgS05C 4HyC OCH +0.72"
n=CHgS0C 4 HoSH s0.71° p~CHgSCsCgHgSH +0.82
m~CHe S 0gC gHe OH 070" p~CHgS0,C o Hy OH +0.98°

+
r=-CHqoS OgCaH‘T"Ea +0.69 p=CHgS0s,C eﬂ.;ﬁﬂa +1.13
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‘ ’eC. Price and J.J. Hydock, THIS JOURNAL, 74, 1942

5=2). cbtained +0.65 for m-GH3SOg and +0. b6 ss p-CHeSO0g
roxs the rates of alkaline hydrolysis of the othyl benzoates.
Heuw« Bachar and H. chostergiel Rec. irav. chim., 7l, 295
(1i62), give values of +0.56 «65 and +0.6J for m“0£g003
frin the acidii» constants of the benzeic acids in water and
50! aleonsl and the rate of reaction of the acid with diphenyl-
ﬁil’)ﬁe‘ﬁ&ﬁg in alcoholy the values for D-un3003 from acidity
conistants in water and alcohol were +0.68 and +0.75.

-

Y Datermined from the data usad for Figure 1 exclnding that

four n=CEg50; amd using the method of least sguares.

> Backer and Klousterziel (loc.cit.) gave a value of +1.16

Pur sigma from p-CBdSOQCQHQ“H, bnt Kioosterzlel, Doctoral

)lisertation, Univer:ity of Groningen, July, 1952 reported

shis to be 1m errcr znd states that a redetermina%ion of the

vuiéity constant gave a check with our value.®

| Backer and Kicostsrziel {lec.ci%t.) gave +0.€8 for m=CHgSOg

gl +leld foxr p~CHadOp.

[ he spectrum of sigma walues for p-CH;S50z 1is siriking when
cont :sted with the constancy of the valunes for m=CHgSCOg. Ths
4iff ' snces for the former are aii ocutside the range of experi-
ment:. error. 7The larger sigma required for p=-CHgS80ga to describe
the : 1dity of the thlopnenol as compared to the benzo’c acid
gupp: ts the previsugs oheervaltions with phencls and snilines¢
and a;ain mev “u atiributed to acld strengthening resonance zffects
in tic tr.ophencls, such as that shewn, <hizh are absent in the

benzoi: &cid, Further svlidence is thus obtsined for the expsnsiovn

o / 0 s —
c-.as-g-/’ \_-E & X caa-é \/=6
0

V4
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of the walenee shell of sulfur in the methylsuifonyl group.
Furthermore, the progressively larger sigms values for »-CH S0,
ag determined from the acldity constants of benzoic acids, thio-
phenols, phenols and anilinium ions mey well réflect the ipereasing
disparity in che amount of resonance interaction between the p-CHgSOy
group aid the 4lssoclated versus the undissoccliated forms in each of
these systems. That is, the difference in resecnance of ﬁﬁa and NH,
‘with p-CHsS50y .is greater than the difference in resonance of COH and
0 with p~CHgSOq, which in turn is greater than the difference in
resonance of SH and B with p~CHySOp. The p-CHgSOs group cannot enter
inte direct resonance interacticns with ~COOH and =CO0 , but structures

such as that shown probably make some contributicne.

o p— =
o
CHa=8% g/
¢ g
o_ o

'Judging from the results with p-CHgSCy, similar para groupings
(NCg, CN, COOCHj, cmce} would also be ezpected to show varying degrezes
ef resonancs in wbractions depending on tha reaction concerned. In
accordance with this the sigma values for p=NOz {in contrast to those
of thé m=N0g; croup) becoms inereasingly great when determined for
benszoic acids (0 = 0.7’73),a thiophenols (0= 1,00) and phenols
(= 1,22, ree velow),*® but the value from the acidity constant of
aniliniam ions appears %o bs almost the seme (0 = 1.27) as that
oblsined from pherols.?

Resdopanca Iffects fo1 p-Cled und ~SH Grogpg--Groups cipable of
strong elec%raﬁ-rel@asing resonance interactions, such aa p-(CHg)zN,

p=CHg ¢, p«ti0, etc. alsc would be expected to show a spectrum of sigma
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values depending on the degree ¢f resonance interlocking in the
reaction in guestion. This point has recently been illustirrated by

data showing var)ing sigms "eonstants" for p-(CHg)gNe.? For p-CHaO

®H, Gilman and G.E. Dunn, THIS JOURNAL, 73, 3404 (1951).

the sigre valus ohtairsd from the aeidity constant of p-metlioxybd
acid is -0.268,° from the a

G
jo }
&
. Q
ol
e

goholyals of triphenylmeihyl chlorides it
is more negative than -0.82,2° and for the solvolysis of benzyl

19%:.%.K, Eranch apd M. Calvin, "The Theory ef Organic Chemistry,"
Prentice Hall, Inc., New York, N.Y.,, 1941. p. 442. The authors
have emphasized on p. 417-8 the role zlayed by resonance effects
in declding sigmz for the Exmmett equation.

p~toluenesulfonates the value 1s =2.0.13% Eince even the value from

125 .X. Kochi and G.S. Hammond, aAbsiracts of Papers of the 12lst
American Chemical Scclety Meeting at Milwaukee, Wisconsin, April,
1962, p. 72K§ Private Communication from Professor G.S. Hammond.

the acidity constant of p-methoxybenzoic acid must include an
appreciable rssorance factor, valunes for phcnols and anilines where
this resonance effect 1s absent rould bas expected to be lsss negative.
Omitting values for p-methoxyphenol and p~nitrophenol and applying

the method of least squares to the data for the acidity constants of
phenols in ﬂtox‘-," gives ﬁ = 4+2.29, pxo n 9,95 (average deviation

= +,047; probsble error = +.038), and the sigma value calculated for
p~CHgO i8 =0.109 (the value for p-NOz is +1.22).*% If the -SH group

38Tho a1 value for p=CHgO from the acidity constant of anilinium
ions [N.F. Hall and Y.RB, Sprinkle, THIS JOURNAL, £{4, %469 (2932)]

is howsver, =0e20% ¢

A 0 EDER T  DED @y

can enter into strong resonancs interactions of the type shown ip IZ

the zigma Talce from the acidity of thiophenois should be mere negative

P
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than that of phsnols., Actually the value of -0.082 obtained is

identical with that from the phenols within experimental error .3

1% The e:tuvation is somewhat confused by the fact that values for
p~HO sigmas caleculated from the literature are ~0.33 for benzoic
acids (calculated using Ka = 2.9 x 10™° for p-hydroxybenzoic
acid. which i3 the valus selected by J. F. J. Dippy, Chem. Hev.,
28, 151 (1539), -0.232 for thiophenols (from the data given in
Teuls I) anc -0.,072 for phemols (frem the data of Schwarzenbach
and Bgli)”’. .

4D D D D U G S D UID SID U UID SID YD En VP U a

The éata are not good enough t; detect a small resonance effect,
5ut & luarge effect of tha type shown im II wonld appear to be ruyled
oug.

- The sigma valuss for m-CH3S in beazoic acid reactions are
apout 0.1€ units more positive than those for p-CHsS.*’ ** Thig
no dopbt fafiéctb'an electron-releasing resonance effect from'th‘

4 g, C. Priee and J. J. Hydock, THIS JOURFAL, 74, 1942 (1952).

D P R G D S U D I N D GNP ED WS UED m GED W BT

pédﬂiﬁ group.* 8ince this resonance is absent in the phenols and
anilines, the value for p-cﬁbs in the abhsance of other effects
would be expected tc be more mearly equal that for m-CHsS. However,
a strong resonance effect of the type shown in III would make
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aigma for p~CHaS more pogitive. £ctually the sigma for p-CHgS

1s equal to that for m-CHgS from the acidity of phenols and les:
Dogitive for the acidity of anilinium ionsi* these data, therefore,

iend no support to the assumption of resonance of the type shown
in III. Since this 1s a favorable case, 1i appears that gtrong
Tegonsnce ipferactions of sulfur invelving expansion of the
2lectron shell (Ly acceptance of an electron pair) %o ten electrons
are not likely for divalent sulfur (-SH, CHsS-); such interactions
pay coceur, Lowever, when the sulfur atom beers a positive charge
(CHa30g). *¥%°

15 W. E. von Doering, Private Communication, has obtained svidence

for the expansion of the sulfnr shell in (CEHg) gs % Pierre Boutan
of This laboratory has evidence for expansion of he shell in the

methylsulfinyl group, cg,&-0 CHgS=0
|

- e T o T TP e e O T aB

The difference in sigma constants for m-CHgO and p-CH5O,
and m-CHaS and p-CHgS 1n benzolc acld reactliocns may be taken as
& measurs of ths abllity of p-CHsO and p~CHgS to enter into
(electron-releasing) resonance interactions. The differences of
0.383 for CHyO ard 0.16 for CHzS pelnt to CHs0) CHgS. This is
comparable to the order CHyO )03987 CHeSz recently suggested for
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rescnance gffects by Baker, Barrett and Tweed.ie

B J. w, Baker G. F. C. Barret and W. T. Tweed, J. Chem. £35.
283l (1952) ’ i

Experiventai
Baterials:- BEach compound was freshly distilled or recrystal-
1iz2d jist before measuring. Thiophenol, p-thiocresol and m=thio-
cressl were Bastman Kodak Company white label samples. The pre-
parations of the other thiophenels are described in the section

which follow.

m=Brorothiophenol- The methed ussd was similar to that dese j
eribed by Wiley:? for m-carboxythiophemol. Forty-three grams ' 1

(0.25 meie) ef m-bromoanliline was diagorized at 5° with 49 ml.

0 ST WD - - - .-

7 P. R. Wiley, J. Org. Chem., 16, 810 (1951),

of concd. hydrochloric acid apd 17.2 g. (5.25 mole) of sodium
nitrite im 110 ml. of water. The scluiicm of the diazonium salt
was added over a 1.5 hr. pericd to a sclution of 40 g. (0.25
mols) of potassinm ethyl xanthate 2nd 32 g. (0.3 mole) of scdium

earbonate in 250 ml. of water maimtained at 70°. The mixture §
wad maintained at this temperature for an additi.~al hour, the . %

resulting oil separated, the aqueocus phase washed twice with
ether, and the sther added to the oil. The ether was removed on 2
the steam tatk in & stream of nitrogem, and the residual o1l ! %

added to a solution of 40 g. (1 mole) of sodium hydroxide in
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250 mi. of methanol and 40 mi. ¢f water. The mixture was re-

fluzed for 2 hours wnder nitrogen, diluted with 4/, of watsr, and

scidiffed with hydrochloric zscid. The resulting oil was sepsrated,

#ha aqueous phase washed with metbvlene chlorids, and the lsster

somhined with the oil and dried over anhydrous sulfa*e. Distil-

lation ylelded 19.1 g. (40%) of material, b.p. :00-4° at 10 =m.

On redistilietion the b. p. was 133-4° at 4¢
Apol. Caled. for CeH¢8Br: C, 38.113 E,
37.89; H, 2.68.
$$g!1rionbach ard Egli7a ga¥s no physical properties or

ey~
Oe

<D

mm.g ngTy 1.63
2.67. Found: C,

amalysis for this compourd, and Egli7b reperts only the b. p.
(100° gt 1o mo?.. Roinbcldt“ also pre;éredl this compound but

gave nb constants or analysis.

18 H. Reirloldt, Ber., 59, 1311 (1996),

13- p-Bromobanzenesulfonyl chloride was
reduesd =ith zinc and sulfuric acid, foliowing the procedurs
of Sexssr, Rapport, end Koepflil® for thre preparation of p-
shlorothicphenol. The yield was 51%: m.p. 73-5°; a m.p. of 75°

t¢ A, B. Ssnear, M. ¥. Repport, and J. B. Koepfli, J. Biel. Chem.,
187, 222 (1947).

has been reported.>°

20 §, Hubner ard J. Alsberg, &mn., 156, 327 (1870).
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B-Methylsnifonylthiopkencl:~ Twist and Smiles®* report the
preparation of this compound by the reduction of the ccrrespcuding

focm o cven 2 o

21 R. F. Twist and 8. Smiles, J. Chem. Soc., 127, 1248 (1925).

sulfonyl chloride with tin and hydroechloric acid, and report a
2,p. of 69°., Attempts to repeat their work falled; apparently
ws obtained & mixture of digulfide, tbiol, and tin mercaptide.
Finﬁily the suifonyl chloride (obtained by Twist and Smiles!?
Jrocedure®) in 60% yleld, m.p. 92-4°, was reduced with lithium
aluminum hydride to the thiophenol.az We were, however, unable

82 S¢rating and H. J. Backer, Rec. Tray. Chim., 69, 638 (1950);
C. S. ¥arvel and F. D. Caesar, THIS JOURNAL, 72, 1033 (1950)%
L. Field and F. A. Grunwald, J. Org. Chem. 16, 946 (1951).

D D A STV MB 6T TB K 450 N B an D T G o U e

to erystallizs this compound; it was purified by distillation.

Three and eight-tenths g. (0.1 mole) of lithium aluminum
hydride was dissolved in 150 ml.;flry ether and connected to &
Soxlet extractor (continuous type) containing 7.7 g. (0.03 mole)
of m-methylsulfonylbenzenesulfonyl chloride, which is rather
sparingly soluble in ether. Refiuxing the ether one half hour
wag sufficlent to carry all the sulfonyl chloride into the re-
action flask, after which the mixture was refluxed one hour more.
Ten ml. of ethyl acetate was added to decompose the excess hy-
dride, followed by 125 ml. of 2 N sulfuric acid. After about
two hours the ether layer was separated, washed thrice with

water, dried over sodivm sulfate, and the e¢ther removed in vacuo
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to leave a residue of 3.4 g. (61F yisll) of a 1ight colered oil.
Repeated attempts to crystailize this oil falled. The materisl
remaining was then distilled in a short path apparatus at a bath
temperature of about 200° at 1 mm. rielding 1.05 g. of p-methyl-
sulfonylthiophencl as a colorless liquid. The distiliation left
practically nc residue.

Anal. Caled. for CoHgOgS8g: C, 44.66: H, 4.28. Found: C,
44,595 H, 4.34.

-m=Nitrothiophengls~ Fifty-five and two tenths g. (0.4 moles)
of m-nitroaniline was diagotized according to the procedure of
Organic Syntheses.?’ This was then sarried through the xanthate

process as described under the preparation of m-bromothicphenol,

83 W, A, Hsrtman and E. R. Brethen, "Organic Syntheses,” Coll.
Vol. I, John Wiley sud Sons, Inc., N. Y., 1941, p. 162.

- = “ias

using sufficient sodium carbonate (106 g., 1 mole) to keep the mix-
ture alkaline during the reaction. Hydrolysis cof the xanthate
ester was carried out under nitrogen, as was the subssquent
acidification. The resulting emmlsion was decanéed from some

solid tar, and extracted with chlevoform. The chloroform solu-
tion was treated with silica gel, flitered, and the chloroform
removed in vacuo cn the steam bath to leave 25 g. (40% as crude)

of dark red oil. Five g. of this material was charged to a

ghiort path still and distilled at z bath temperature of about

200° et 1 mm. %o yield 1 g. of m-nitrothilophencl as a straw
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eclored oil., The remsinmdsr of the charge pyrolyzed to & tlack
“tar. On two atiempts to analyze tﬂis substance i{ was observsd
to explode and a value about 1% low in carbon was obtained.

This compound has been previously reported prepared hn.+h

game route by Lenckart and Holtzapfel®* as a derk red oil, and

COun DS ED (i E» G e

24 R. Leuckart and W. Holtzapfel, J. Pr. Chem., 41, 197 (1890).

by Bennett and Berryga who did not. isolate the compcund as gach.

5 g. M, Bennett and W. A. Berry, J. Chem. Sgc., 1669 (1927,.

y 1fon ophencl s~ Following essentially the
precedure of Bourgeois and Abraham®®, phenyl methyl sulfide in

L - Bourgeois and A. Abraham, Reg. Tray. Chim., 30, 407 (1911).

refluxing carbon tetrachloride was treated with an equimolar a-
mount of bromine and refluxed 165 hours. The mixture was waghed
with water, sodium bisulfite solutiovn, and waterAagaina It was
dried over calcium chloride, and the solvent stripped off in
vacuo to yield p~bromophenyl methyl sulfide, m.p. 34=7°, in 96%
vield as crude product. One recrystellization from alcohol gave
pure product, m.p. 37-8°, 77% yield based on phenyl methyl
sulfide. :

Oxidation of p-bromophenyl methyl sulfide in acetic acid
sciution with hydregen peroxide (refluxing one hour) folliowed
by dilution with water ylelded p=bromophenyl methyl sulfone,
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m.p. 102-4°, in 84% yield. The reported m.p. is 102.5-103.0°.%¢

p-Bromophenyl methyl sulfone was converted to p-methylsul-
fonyithiophenol by displacement of the bromine with sulfide ion.
Twenty-seven g. (0.2 mole) of 60% sodium sulfide flakes and
B4 g. (0.2 mole) of sulfur were dissolved in 150 ml. water on
the steam bath. To this was added 12 g. (0.05 mole) of p-bromo-
phenyl methyl sulfone dissolved in 50 ml. warm alcohol, and the
pixture refluxed 13 hours. The alcohol was distilled off, the
mixture cooled and filtered, (to remove any unreacted starting
material) into a2 mixture of 50 ml. coned. hydrochloric acid and
ics. Both the thiophenol and sulfur are thereby precipitated,
and, unfortunately, most of the former adheres to the latter,
yhieh agglomerates in a lump. Extraction of this material with
boiling aleoh~l or chloroform results in isolation of the corres-
pondixig disulfide, m.p. 190-2°, apparently by oxidation of the
thiophenol by sulfur. The yleld of disulfide was 6.5 g. (68%).

The disulfide was reduced to the thiophenol by treatment
with giucose and sodium hydroxide, following the procedure of
Lechor and Simon.27? Four grams (0.0107 mole) of disulfide and

37 B, Lecher and K. Simon, Ber., £5, 2427 (1922).

5.4 go (0;33 mole) of glucose were mixed in 15 ml. alcohol.
While this was maintained st 60°, a solution 2.4 g. (0.06 mole)
of sodiwm hydroxide in 6 ml. of water was added gradualiy. The
mixture was then kept at €0-70° Zor 15 minuter, diluted with
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several volumes water, and filtered into a mixture of 10 ml,
coned. hydrochldrie acid and 1ce. The product separates as an
o4l which soon solidifies on kseping at 0°; it then melted at
56-60° and weighed 2.55 g. (64% yleld as crude)'. It was dis-
sclved in chloroform amd treated with silica gel, tinen precipl-
tated by dilution with pentane to yileld meterial melting 65-7°.
Finally, erystallization from 75% ethanol yielded 1.6 g. (40%)
of p-methylasulfonylthiophencl melting at 66-8°.

Anal, Caled. for C,HgOs85: C, 44,665 H, 4.28., Found: C,
44,72; ®, 4,31,

p=Nitrothiophenols- This compbund was prepared by reduction
of the disulfide®® with glucose and sodium hydroxide as described

28 prepared according to the procedure in Qrg. .y John Wiley
‘and Sons, Inc., New York, Coll. Vol. I., Dp. .

under the preperatiun of pf p-methylsulfonylthiophenol. The

yield of ecrude product was 32%, m. p. 72-80°. Becrysfallization
from 50‘ ethanol raised the m.p. to 76-8°., The reported m.p. is
77°.8° The compound 1s not very soluble in boiling 50f ethanol,

39 ¢, Willgerodt, Ber., 18, 331 (1886).

bat by filtoriné the boiling solution all disulfide present can
te removed without leasz of much of the thiophepnol. Care must be
tabsr to prevant oxidation to disulfide during the work-up.

Meazuremept of Asxldity Constantss- Three samples of each
thiophencl wers weighed intoc 5 ml. volumetric flasks whieh
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had previously been swept out with nitrogen. To mirimige atmos-
pheric oxidation, this nitrogen atmosphera was maintained wiile
cach fissk was promptly processed, one at a time, according to
the rollowing procedure. Twenty-five ml. of 96% ethanol at

25° was added from a pipette, and the flask again swept out

with nitrogen before agitating to dissolve the sample. Suffi-
cient standard carbonate-free sodium hydroxide solution was then
measvred from a burette into the flask to partially neutralize
(about 20, 40, or 6C% in turn) the thiophenol. The solution was
then made up to the ﬁark with carbonate-free water, and again
swept with nitrogen before inverting to mix. An aliquot was then
withdrawn and added tc an excess of standard iodine solution.
While this was allowed to stand for a few minutes, another sample
wags withdrawn and the pt .easured immediately with a Beckman
Model G pH meter, The iodine solution was then titrated with
thiosulfate so that the exact -SH content of the solution could
be calculated. The pKa was then computed with the Henderson
equation,® pXa = pE + log (ArSH/ArS~). The value from the iodine
titration was used for the stoichiometric concentration of thio-
phepol, and the concentration of anion was taken as equel ¢o

that of the sodinm hydroxide added; the concemtration of unionized
thiopherol could then be obtained by difference. The compounds
were mossured at concentrations of 0.0l to 0.05 M., depending on
their solubility. The data are summarized in Table III.
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Substitusnt

H
=-CHg
p~CHs
p=Br

n-Br
m=CHgSO0p
p~H0p

p-CHg80g

n-NO;

Sample calculation, using data from first line of Table IIIs

8toichiometric

Conc., M.

0.0510
0.0461
0.0610

0.0672
0.0450

0.0490

0.0414
0.C441
0.0593

0.0177
0.0186
0.0217

0.0207
0.0223

0.0175
0.0178

0.00528
0.00528

0.0101
0.0157
0.0182

0.00826
0.00771

TABLE III.
Measurement of
Acldity Constants for Thiophenols in 48% Alcohol at 25°

ArsS—

0.0108
0.0216
0.0324

0.0108
¢.0216

0.0324

0.0108
02216
0.0324

0.0043
0.0108
0.0151

0.0043
0.0108

0.0108
0.0065

0.00433
0.00217

0.0022
0.00865
0.06108

0.00217
0.00433

pka = pH + log (ArSH)/(Arg—)
= 7,20 + log (0.08610 ~ 0.0108)/(0.0108)

a 7.77

Evanston, Illinols

% Neutral-
ized

2l.2
46.9
63.6

18.9
48.0
66.2

26.1
49.1
&4.7
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pKa
average

7.76

7.98

8.03

6,99

6.77

5.88

5.11

8.57

5.90
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